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TEE INFLUENCE Off PLASTIC DEFORMATION AND OF HEAT TREAT MEET 
OF POISSON'S RATIO FOR 18:8 CHROMIUM— NICKEL STEEL 
By R . VT. Mebs and D. J. McAdam, <Tr . ■ 

'•" SUMMARY 



An effective value of Poisson'.s ratio for 18:8 Cr-Ni 
steel was computed frpm values "of tensile and torsional 
moduli "of elasticity obtained in earlier investigation^ 
"by use. of an appropriate: formula. . A study was made of 
the variation of Poisson's ratio with prior plastic ex- 
tension of the annealed alloy and with annealing tempera- 
ture for the cold-drawn alloy. 

With prior extension -.of the fully annealed alloy up 
to about 12 percent elongation, the effective value of 
Poisson's ratio at zero stre-ss (y- 0 ) rises; whereas at 
other stress values (n a j ' and M- 50 ') it remains approxi- 
mately constant. . The fise of u- 0 -is attributed to the 

anisotropic natur e . of - the internal (residual) stress pro- 
duced during prior .plastic extension coupled with the 
fact that the. planes of maximum shear stress in torsional 
loading are differently oriented than in tensile; loading. 
For the cold-drawn alloy , however, V> 0 is lower than for 

the fully annealed- alloy* 

After annealing the cold-drawn alloys at various 
temperatures in the stress-relief annealing range, M- 0 
and M>5o are approximately equal and nearly constant. 
Apparently, the, removal of lattice expansion effects "by 
annealing at higher temperatures, at which r eery stalli za- 
tion occur s : , causes an increase of ja 0 , probably because 

of the change from a preferred 'orientation of the cubic 
[100] direction of grains, parallel to'the specimen axis, 
to a random distribution. " 
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INTRODUCTION 



An investigation of the elastic properties of high 
strength aircraft metals has "been conducted at the 
National Bureau of Standards during the past 8 years 
under the sponsorship of the National Advisory Committee 
for Aeronautics. Reports have "been presented upon fche 
tensile elastic (references 1, 2, and 3) and the tor- 
sional elastic (reference 4) properties of metals. The 
elastic properties studied were: (a) the proof stresses 
which produce various proof sets and (b) the elastic 
modulus and its variation with applied stress. The rela- 
tionship of these indices to cold work and to annealing 
treatment also was investigated. The method of obtaining 
correlated st re s s- st rain and stress-set curves and of 
deriving the elastic properties from these curves is 
given in the afore-mentioned publications (references 1, 
2, 3 , and 4-) . 

The- present paper correlates the tensile and shear 
elastic secant moduli of 18:8 Cr-Ni st^el, by deriving 
from them an effective value of Poisson's ratio. This 
effective value becomes identical with the classical 
valuer (ratio of unit lateral contraction to unit axial 
ext-ension under axial loading in the elastic range) only 
for isotropic material obeying Hookefe law. The effectiv-e 
value of Poisson's ratio as defined in this paper cannot 
be used for computing stresses under conditions of multi- 
axial strain beyond the range of validity of Hooke's law, 
or for anisotropic material. It may be used, however, 
as an index of anisotropy - that is, an index for a change 
in properties with direction. The significance of vari- 
ations in the effective value of Poisson's ratio with the 
degree of cold work or with thermal treatment is discussed 
in the present paper. 

MATERIAL , TESTS, AND METHOD OP .COMPUTATION 



Bar stock 18;8 Cr-Ni steel was used in preparing 
specimens for the tensile tests (references 1, 2, and 3 ) [ 
whereas tubular stock material was selected for the tor- 
sion testes (reference 4). In order to obtain reliable 
values of Poisson's ratio from tensile and torsional 
modulus data, the materials tested in tension and torsion 
should be of nearly the same chemioal composition, 
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structure"; -' and' hardness.'" A- i'half-har d ir rod material, and 
the "iari" ' grade tutiilar" material were' selected for this 
"evaluation; in' an earlier' report (reference 4) it was 
shown that of the" cold- worked- rod and tubular materials, 
these'- two 1 - were In- the most' nearly equivalent cold-worked 
condition. Rockwell hardness readings for "both metals'gave 
values'ranging from C39 -to C42.' Moreover, microscopic 
exa'm'inat i on ■ of the 'cross sections 'of the tubular and rod 
material in'the 11 as-received" ' condition indicated similar 
microstructure'. Table 1 shows that the 1 compositions of 
these two materials do not differ greatly. 

In the present report, the influence of two' variables 
upon the effective value of Poisson's. ratio is "being in- 
vestigated:, namely, (a) the influence of cold work and ("b) 
the influence of annealing temperature. In order to de- 
termine the influence of cold work, data were obtained 
from previous tests upon tensile (reference 2)- and 
torsional (reference 4) specimens which had "been fully 
annealed, and then extended various amounts. Tensile 
tests, had been made upon a single specimen after anneal- 
ing at 1,83.0° IT for 1/2 hour,' and at various '' stages of its 
subsequent' plastic extension, "up to. the point of local 
contraction. Torsional tests had been' made upon a series 
of tubular specimens which were annealed at -1900° "S for 
1 hour and each extended a different' "amount in tension,- 
ranging from zero to ;2'0 percent . Previous work has shown 
that this difference in annealing "temperature s , 1830° 
and 1900° P,' is' not significant. The Influence of anneal- 
ing t emperature . was studied "by selecting data from tests 
upon cold-drawn' rod and" tubular "specimens (references 2 
and 4) which had been annealed at various temperatures 
ranging from room temperature up to- 1900° P ; the "-as-re- 
ceived" specimens are considered as annealed at 100° P. 

The " effective value of Poisson's ratio, -u,, was" cal- 
culated from 

where E and G- are taken as the secant tension and 
shear moduli, respectively - (references '5' and 6). The 
secant modulus used in this paper is obtained by dividing 
the total stress by the elastic portion 'of the "total 
strain - that is, total strain corrected for permanent 
set ♦ For purposes of design the use of Poisson' s ratio 
calculated in this way is limited only to those metals 
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which are isotropic with respect to elastic properties, 
and have st re s s- strain characteristics that conform 
closely to.HboJc's law. However, for purposes of showing 
the relative, influence of such variables as plastic de- 
formation and heat treatment upon the torsional and ten- 
sile elastic properties of a single material - that iSj 
to detect any anisotropic change in the metal -the use_ 
of such an effective value may have certain advantages 
over the. use -of values obtained -by direct measurement. 
As- will become evident later in this report, the direc- 
tional variation of the influence of internal stress 
could never have been detected by direct measurements of 
Poisson's ratrio on cylindrical specimens. 

Owing to the sensitivity with which str e s s- strain 
and s-tress-set measurements were made (references 1 to 4), 
it was freauently possible to observe a decrease in the 
secant modulus with incre'ase in stress. Thus, the ten- 
sion and shear moduli, and therefore require specifi- 
cation of the stress at which they are calculated. Nadai 
has suggested (reference 7) that the stress- strain curve 
for a metal .in pure -shear can be approximately derived 
from its stress-strain curve in tension by multiplying 
tensile stresses by l/^/ST and tensile strains by 1.5. In 
this report, theref-ore, values for the tensile modulus (3) 
are obtained at ze-ro stress, and where pract"i cabl e , at 
25,000 and 50, 000 -pounds per square inch; the corresponding 
shear modulus (•&) values, were obtained at zero stress, and 
at 14,450- and 28,900 pounds per square inch. The modulus 
values at zero stress are necessarily extrapolated values, 
but may be determined quite accurately from derived curves 
showing the variation of modulus with stress (references 1 
t o 4 ) . 



THE- VARIATION OF EFFECTIVE POISSON'S RATIO VITH EXTENSION 
OF FULLY ANNEALED 18:8 Or-Ni STEEL 



First will be considered effective values of Poisson's 
ratio calculated for 18:8 Cr-Ni steel rods and tubes which 
had been fully annealed and then extended. Values of u 
were calculated over an extension range of 20 percent , the 
maximum used for the tubular specimens (reference 4) . Spec- 
imens tested in tension had- been extended over a somewhat 
greater range (references 1 and 2-). 
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The .variations •_o£. : the. te-nsi on : secant modulus -E and 
■the. ,shear_ secant, modulus ; .with extension of the fully 
annealed -metal, are rsh^own, in f igure ■ 1 i These curve's "weY"e 
.drawn •-through the. mean ..positions, of the data derived from 
experiment. They may he considered as "basic curves devoid 
of oscillations due to variations in rest interval and ex- 
tension , spacing*. -.associat ed with individual .t est s . Curves 

■ showing = the variation ; of ■ p. . -with ;the amount of prior ex- 
tension also are- i shown .in figure i;. they are .derived from 
the "basic modulus curves .by. the use of 'equation (l). The 
stresses Cin thousand pounds per square inch), at which 
E, G-, or p. is' mea"sured,'-'a're denoted "by subscript num- 
hers; the su"b script number" f or" : |A • -"corresponds to the ■ ■ 
associated tensile stress. 

Because of the much great qt variation with stress of, 
the tensile moduli than the torsional moduli, the value of 
^ .decreases with increase in stress. The value of u- 0 
is f ound t o ..increase' ..with extension of the "annealed "metal , 
rising fr.om r.an initial .value of about 0.32 to a constant 
value of 'about O..4.0 • aft er ;&.n e.'xtensi on bout 12 percent. 

The values of . ..M- s .5 .• and |J- 50 ,. ^remain nearly constant at 
a'bout 0.32 and 0.24, re spe-ctiiveiy r over the observed range 
of prior extension. The values- of u- 0 ., ,.^ 3 5» and n 50 
for this metal as annealed, and after 10 and SO percent 

■ pribr" exterisionv are given instable 2.- 

THE ; VARIATION /0E Po'lSSOK '.S EATIO! ..WITH ANNE" ALlHG TEKPESATUBS 

' :T":;"~ . : •• - • \: K-,' ■ . " '. .' i .Iv -T" 

- • • , • EOE 0 OLD- DRAWN 18:8 Cr~Ni STEEL . . 



- Y.aJ.ues, of |J, .were calculated for cold-drawn 18:8 
Cr-Ni steel ..rods . and..i"ubes in tie . fi asr-received" .condition, 
and after annealing at temperatures' /ranging from 300° E 
'to about 1800° E (rod and tubular specimens/ ~w&^V~'an£ealea 
at maximum. temperature values of 1830° E and 1900° E, 
respectively) . '. ' ■■ ■ ■ - 

■ The variat ion of 'the t ension • modulus' E and the shear 
modulus G- with the temperature of annealing of "the cold- 
drawn -alloy i s - shown in figure 2.- The' curves are drawn" 
"through the mean positions of experimentally derived data. 
Curves are drawn for the .-tensi on modulus at zero stress 
and at 50,000 pounds per square inch and for the torsion 
modulus- at zero stress and at. 28,900 pounds per square i,nch 
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Because of the nearness of these pairs of curves, values 
at intermediate stresses were not "pi <?t t ed . There also are 
plotted in figure 3 values of p.. calculated from corre- ■ 
spending tension and ' shear modulus values by use of equa- 
tion (1). " 

Over a .range of annealing .temperature . from room tem- 
perature to'lOOO 0 P, there is no significant variation of 
M. 0 or M"5o;. these two curves are' nearly coincident. 
With fur th/er "increase, in annealing temperature, u- 0 
rises from a- value -of 0.22 and attains a value of about 
0.31 fi3r the fully anneale-d-metal. 

.DISCUSSION 

The elastic properties of a pqlycry stalline metal 
having small grains, the orientations of which, are ran- 
domly distributed, are generally considered isotropic. 
Appreciable variation of \i from the value obtained upon 
a metal in its isotropic, fully annealed . condition, may 
indicate an anisotropic condition with resp'ect -to elastic 
properti-es in the <metals tested. 

Figure 1 shows that • \i 0 increases from the original 
value of 0.32 to 0.40 with prior extension of the annealed 
metal of between 12 and. 20. p.ercent , The rod and tubular 
materials were of similar composition (table l) t Extrapo- 
lation of the modulus-temperature curves in figure 2 
indicates that the difference "in annealing treatments of. 
the fully annealed rod and tubular materials is Insignifi- 
cant. The. rise of \i 0 therefore suggests that small 
plastic extensions produced eome elastic anisotropy in the 
alloy. Since |J. a5 and M-' 50 show valueB morenearly with- 
in the usual range, it would be implied that such anisot- 
ropy becomes less evident upon application of a moderate 
stress. At greater values of extension than found in fig- 
ure 1, it might be expected that p. 0 would decrease from 

the maximum value of 0.4 and approach the value (0.22) ob- 
tained for the cold-drawn metal plotted at 100° F in fig- 
ure 2. This also, would- be indicated by the rapid lowering 
of B 0 for the half-hard alloy at large extensions (ref- 
erence 2) subject t'o the condition that no prominent 
reversals would be found in the curve' of S 0 upon increas- 
ing the extension range shown i"n figure 1 beyond 20 percent. 
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It was- shown in;an . earlier report (reference 2) that 
during. the initial portion of the extension range the 
influence of residual -.internal stress predominated in 
causing a rise of E 0 . So such important initial rise of 
& 0 with extension is f ound (f ig. " 1 ) . It should "be noted 
that, in tension, maximum shear occurs along planes diag- 
onal to the length of the tube; whereas, in torsion, 
shear -occurs along "planes parallel and transverse to the 
length of the tube. . Thus, the planes along which .maximum 
shear stress occurs are the same during the prior exten- 
sion and during tension testing, hut different during the 
prior extension and during torsion testing. The differ- 
ence in influence o~f the internal stress factor upon -sub- 
sequent tension or torsion tests might therefore be ex- 
plained as due to the directional effect of any residual 
stress upon further deformation. With appreciable in- 
crease in stress during such testing, the- residual inter- 
nal stress would become negligible in comparison to the 
applied stress, or may be relieved,, and the evidence of 
elastic anisotropy would disappear, as indicated by the 
lower values found for and V> so . 

figure S indicates that within the range of preheat- 
ing or annealing temperatures of from 100° J up to about 
1000° P, Poisson's ratio (m- 0 or H 50 .) is maintained with- 
in the narrow range of 0.21 to 0,22; at higher temperatures 
(j, 0 increases and reaches a value of about 0.31 at 1800° IF. 

The relief of internal stresses which occurs within the. 
lower temperature range obviously does not affect the val- 
ue of Poisson's ratio. The rise of V- 0 ' ! at higher temper- 
atures, however, indicates that other factors are effec- 
t ive . 

In earlier reports (references 2 and 4), the influ- 
ence of the lattice expansion factor and the reorientation 
factor upon elastic properties was noted. Lattice expan- 
sion, which occurs during cold working, tends to lower 
both tensile and shear moduli.' However, the quantitative 
influence of this factor upon these two indices is not 
determinable. It can be shown, however, that the rise in 
(j. 0 during soft annealing may be due to the influence of 
the removal of the preferred orientation produced by pre- 
vious cold work. It was shown in an earlier report (ref- 
erence 2) that the rapid decrease of S 0 at large exten- 
sions would be assisted by preferential orientation of 
the [100] crystal directions parallel to the axis of the 
specimen., such as occurs in some face-centered cubic 
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metals when deformed as in wire drawing (reference 8). 
It is evident "by examining the space models for tensile 
and shear moduli (figs. 49 and 52, reference 2), which 
are similar to those for most face-centered cubic metals, 
that an approach to a predominantly cubic [100] orienta- 
tion would tend to lower the tensile modulus and increase 
the shear modulus, thus causing a decrease of the effec- 
tive value of Poisson's ratio p> 0 during cold work. 

However, preliminary results of torsion tests upon nickel 
and monel tuhing indicate that severe cold working causes 
an increase of |J. 0 for these metals. This rise can. be 
attributed to the predominance of the octahedral [111] 
orientation in the axial direction following severe cold- 
drawing of these metals (reference 2). 

Removal of the lattice-expansion effects may be ex- 
pected "by annealing at temper_atur©s "below the recrystalli- 
zation range, as res found hy Smith and Wood (reference 9) 
for iron? within this range there is negligible variation 
of.— |Jt. The removal of preferred orientation effects, 
however, would occur chiefly during recrystalli zation and 
would thus explain the rise of |a. during softening of the 
18:8 Or-Ki steel, as shown in. figure 2. 

Consideration has "been given to the possibility that 
the variations in Poisson's ratio in figures 1 and 2 may 
be due in part to the increase of the ferromagnetic sus- 
ceptibility of 18:8 Or-ITi steel during cold work. Although 
this increase can be quite— easily detected with a permanent 
magnet, it is generally "believed that the relative quantity 
of material changing over from austeniVic to ferritic struc- 
ture during severe cold work is quite small, and should 
therefore not affect the .moduli of elasticity to any meas- 
urable ext ent . 
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TABLE l._ CHEMICAL COMPOSITION 0! 18:8 Cr-Ni STEEL 



Mat er ial 


Desig- 
nat i on 


Chemical Composition V 
(percent ) 


0 


Cr 


Ni 


?e * 


Bar stock 

(Cold-drawn "half-hard" ) . 

Tutmlar stock '- 
(Cold-drawn "hard"). ~. ,' -. 

• 


DM 

TO 


0.10 
.07 


18 .82 
18 . 5 


9.38 
10.4 


Diff. 
Diff . 



TABLE a.w POIS SON'S HAT 10 SOU 18:8 Cr-Ni STEEL 



Material and condition 



. s cold- drawn . . . .' . . .• . . 

Cold-drawn, annealed 900° . ' 

Cold- drawn, fully annealed . 

Cold-drawn, fully annealed, 
extended 10 percent . . ' ; 



Cold-drawn, fully 'annqaled , 



extended 20 percent 



Poi s son ' b ratio 



0.22 
.21 
.32 



.40 



,40 



4a: 



0.32 
.32 



5_P_ 



0.22 
. 21 

.24 
. 25 
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